INTRODUCTION
confirmed that a planktonic algal community can develop even in the running water of the lower Nagara, and they regarded such a community as true potamoplankton.
If their conclusion that planktonic algae can reproduce in slow-flowing water is acceptable, the proper criterion of algal occurrence relating to barrage construction lies in the length of retention time of the river water, and a large algal population dominated by potamoplankton may be observed in the summer dry season in slow-flowing water created by the barrage.
In this study, we describe the flora and biomass of the planktonic community before and , after construction of the Nagara River Barrage in relation to the long-term trends in environmental factors such as solar radiation, discharge, water temperature, salinity and nutrient supply, and we examinewhether a change in algal biomass is caused by barrage construction.
It is worthwhile describing the difference in planktonic communities pre-and post-construction, because there are only a few studies on the long-term environmental effects of construction across rivers in Japan (for example GoMI et al., 1965 , HASHIMOTO, 1971 for dam impoundment).
There are no studies at all on the effects of barrage construction.
Many predictions concerning algal occurrence should be reviewed now that the barrage has been completed and the gates have been closed.
METHODS

Study sites
The Nagara River General features of the lower Nagara River before construction of the Nagara Rivermouth Barrage were described in MURAKAMi et al. (1992) . The barrage, located 5.4 km upstream of the rivermouth, was completed in May 1994. The gates were then closed for a short time in summer and fall to test gate operations. Since July 1995, the gates have been closed except in time of high discharge. In the summer of 1995 and 1996 low-discharge seasons, a temporary artificial operation was conducted by MoC to flush both bottom and surface water. After the gate closing and dredging of the riverbed, water depth just at the upper reach from the barrage showed an increase of about 2 m.
Two sampling stations, Tookai-Oohashi Bridge (Sta. 1) and Ise-Oohashi Bridge (Sta. 2), located 17.8 km and 0.6 km upstream from the barrage, respectively, were selected for our present study (Fig. 1) . At both stations, water quality and algal biomass have been monitored since 1990 by NACS-J (MURAKAMi et al., 1992 (MURAKAMi et al., , 1994 . Samples were also taken at additional stations whenever a large algal biomass was recorded at either station. 1. Sketch map of study area.
•£ shows sampling positions in the Nagara and reference rivers.
Reference rivers Algal biomass of the Toyo and the Yahagi Rivers, both discharging into Ise Bay,were monitored as references to examine whether the changes in algal biomass in the Nagara were due to barrage construction or rather to annual changes in weather conditions. Sampling positions in the Toyo and the Yahagi were located 10.2 km and 12.0 km upstream of their rivermouths, respectively.
Also cited in this study were the annual mean and maximal values of chlorophyll a concentrations at the upper reach of a headwater construction site in the lower Kiso as determined by the Nagoya Waterworks Bureau.
Sampling, laboratory analyses, and citation of weather and discharge information Surface water in each sampling position was taken monthly at low tide, and in the Nagara more freqently during the summer low-discharge period .
Chemical analyses and biological examinations have been described. See MURAKAMi et al. (1992) 
Supply of total nitrogen and phosphorus
At Tokai-Oohashi (Sta. 1), concentrations of total nitrogen and phosphorus were around 1.5 mg 1 -1 and 0.075 mg 1-1 respectively, and no remarkable seasonal or long-term fluctuations were observed from 1993 to 1996. Over 90% of supplied nitrogen and phosphorus were in dissolved form except in extremely high-and low-discharge periods.
Effects of a Rivermouth
Barrage on Planktonic Algal Development in the Lower Nagara River 255 Annual fluctuations in algal biomass Planktonic algal occurrences showed a different mode after 1994 (Fig. 4) . At Sta. 1, no large algal biomass was recorded before 1993. In 1994, when the barrage was completed and the gate operation test was done, chlorophyll a concentration reached 40,ug 1-1. In 1995 and 1996, after the actual gate closing, heavy algal occurrences were recorded each summer. At lower Sta. 2, a peak of algal biomass was observed for a short time each summer except in 1993, and in early spring 1994 before impoundment. On the other hand, remarkable algal occurrences were recorded many times from late spring to fall after barrage construction. Such notable increases in algal biomass in 1995 or 1996 were not recorded in the reference rivers (Fig. 5 ).
Longitudinal distribution of planktonic algae Before barrage construction, a longitudinal increase in algal biomass along the stream was observed each summer in 1990 , 1991 (MURAKAMI et al., 1992 . After construction, both longitudinal increases and decreases in algal biomass were recorded in summer low-discharge periods (Fig. 6) . For example, a significant longitudinal decrease was observed on 3 August 1996 when the discharge was 35 m3 sec', and an increase on 7 September 1996 when it was 85 m3 sec-I.
Planktonic algal flora At both Stas. 1 and 2, the dominant species in summer algal occurrence before barrage construction were Cyclotella atomus (diatom) and C. meneghiniana.
During the spring bloom in 1994, the dominant species were unidentified flagellata belonging to Cryptomonadidae. After barrage construction, the summer dominant species were C. atomus and C. meneghiniana as before, Nitzschia acicularis (diatom) and N. sp. forming a rosettelike colony were also commonly found. In addition, Aulacoseira granulata (diatom), Scenedesmus spp. (green algae), Pandorina sp. (green alga) and Anabaena sp. (blue-green alga) were detected.
Zooplankton
About 200-2,500 ind. 1-1 of planktonic rotifers were detected from June to August both in 1995 and 1996 at Sta. 2. The dominant species were Brachionus calyciflorus and Polyarthra sp. Before impoundment, in summer 1991, only a few rotifers were detected.
Few zooplankton belonging to Crustacea was detected in our samples.
DISCUSSION
Effects of the barrage on algal occurrence Firstly, we discuss the effects of the barrage on algal biomass in the lower Nagara. Remarkable changes in the mode of planktonic algal occurrences after construction of the barrage have been observed since 1994, i, e., the maximal algal biomass in summer broke the record every year at Sta. 1, and a significant algal bloom occurred many times from spring to fall at Sta. 2. Despite the changes in algal occurrence mode, we could not find any longterm trends which accelerated planktonic algal production based on daylight hours, discharge, water temperature or nutrient supply. Moreover, notable increases in algal biomass such as those in 1995 or 1996 did not occur in the reference rivers (the Toyo, the Yahagi and the Kiso).
The remaining possible factor which might accelerate algal production seems to be the retention time of the river water (LACK, 1971) . In the Nagara, NANBU (1977) estimated the prolongation of the mean retention time of the river water flowing from 36 km upstream to the barrage caused by construction and dredge of the riverbed as shown in Table 1 . In summer 1995 and 1996, large algal biomasses were recorded when the discharge was under 100 m3 sec-', and especially under 50 m3 sec-1. At 50 m3 sec-1 of discharge, the retention time of the river water is estimated at about 8 days by Nanbu's calculation. Table 1 . Retention time in the lower Nagara estimated by Nanbu (1977) .
We consider an 8-day retention in summer to be sufficient for a planktonic algal biomass to increase to an unusual level since it can take only one week for such a biomass to recover from any loss suffered from a high discharge (Fig. 4) . Thus it seems reasonableto conclude that recent increases in algal biomass result from prolongation of the retention time caused by the barrage construction.
As mentioned above, a barrage accelerates planktonic algal production in the same way a dam does. On the other hand, dominant species of the planktonic community suffer the effects of current even post-construction, because the dominant species in summer were Cyclotella atomus and C. meneghiniana as before, both of which were regarded as potamoplankton in the preconstruction Nagara (MURAKAMI et al., 1992 (MURAKAMI et al., , 1994 and in other large rivers (e.g. WHITTON, 1984 during a stable low-discharge period. We consider the effects of settling, grazing by rotifers, and gate operations on algal biomass. Longitudinal declines in algal biomass along a stream against the increase in retention time have been reported (DE RUYTER VAN STEVENINCK et al., 1990 , ADMIRAAL et al., 1994 . These authors concluded that such declines are due to settling and/or grazing by zooplankton.
In the Nagara, the distribution patterns for both longitudinal increases and decreases were observed in 1995 and 1996 after barrage construction (Fig.  6) . A comparison of algal biomass between Stas. 1 and 2 shows that a longitudinal increase or decrease seems to correlate to discharge. Longitudinal decreases occurred only when discharge was under 50 m3 sec-1 (Fig. 7) , i, e., when retention time was long. This suggests that longitudinal decline is caused by settling perhaps due to obstruction of the irregular vertical eddies which maintain river plankton in surface water (REYNOLDS, 1988) . Such declines were not observed before barrage construction.
Though we have no quantitative measurements of the production and settling of planktonic algae as they relate to discharge, there may be threshold values for the flow rate controlling algal biomass.
Furthermore, zooplankton grazing may play a supplementary role in controlling algal biomass in a low-discharge period. In midsummer 1995, an abrupt decrease in algal biomass was recorded despite a stable low-discharge 
